Objective The purpose of the present study is to describe our experience with patients who have a transmural myocardial infarction (MI) in the presence of a normal coronary artery. The clinical profile, demographic characteristics and outcomes of these patients are discussed. Methods Between January 2006 and August 2011, 21 patients who presented with a Q-wave myocardial infarction were found to have normal coronary arteries. The prevalence rate of this entity was 1.5% (21 out of 1,400 Q wave MI patients). These patients were characterized by their young age (the mean age=44.95± 14.86), male dominance (90.47%), and a high prevalence of smoking (85.71%). In this study, 4 patients have an evident spontaneous spasm shown on coronary angiography which disappeared after intracoronary injection of nitrates. Coagulation Disorders, such as activated protein C resistance (APC) resistance, protein C deficiency and antiphospholipid antibody syndrome were found in 4 of 12 patients who underwent systematic examination. One patient had a history of lung cancer which may be associated with a hypercoagulable state and may explain the occurrence of myocardial infarction with a normal coronary artery. The mean left ventricle ejection was 56. 5±12. The mean follow-up was 24±10 months. Six patients developed residual chest pain which was generally easily controlled by anti-spastic therapy and no patient had a major cardiovascular event.
Introduction
Q-wave myocardial infarction (MI) is generally due to the development of permanent arterial thrombosis of an atherosclerotic coronary artery. Mechanisms of thrombosis are complex. They include atherosclerotic plaque rupture, platelet activation, thrombus formation and coronary vasospasm. However, Q-wave MI may occur in subjects with normal coronary arteries. A number of hypotheses have been suggested to explain the factors related to the pathogenesis of this entity. These factors include coronary arterial vasospasm, thromboemblism with spontaneous or therapeutic lysis, hypercoagulable states and autoimmune vasculitis. The prevalence rate of MI with normal or near normal coronary arteries ranges from 1 to 12% depending on the studied population and the definition of a "normal" or "close to normal" coronary artery. The short and long term prognosis of these patients is generally favorable with a low risk of death and recurrence of myocardial infarction.
The purpose of the present study is to describe our experience with patients who have a transmural MI in the presence of normal coronary artery. The clinical profile, demographic characteristics and outcomes of these patients are discussed.
Materials and Methods
The following study is retrospective. It includes 21 patients with Q-wave MI and normal coronary arteries. They represent a sample among the 1,400 patients with Q-wave MI who were admitted to our institution between January 2006 and August 2011. The diagnosis of myocardial infarction was based on the occurrence of ischemic chest pain lasting >30 minutes and accompanied by ST segment (ST) segment elevation of at least 0.1 mV in two contiguous electrocardiographic leads. They are followed by either an increase in the serum concentration of the creatine kinase myocardial band (MB) fraction of >5% or the appearance of new Q waves which were not present during the initial electrocardiogram. Abnormal Q waves are those lasting 0.03 sec. at least 4 mm deep, and >25% of the height of the ensuing R wave in all leads other than aVR or V1. With regard to these cases of Q-wave myocardial infarction, the Troponine concentration was not determined. Each patient received a curative anticoagulation and double antiaggregation with aspirin and clopidogrel. Nine patients received thrombolytic therapy with streptokinase using a standard dosage. Each patient underwent angiography of the coronary arteries in multiple projections within the same emergency unit or just after the acute episode. The investigation includes selective left coronary angiography (6 projections) as well as selective right coronary angiography (4 projections). Intracoronary isosorbide dinitrate is administered for each patient before angiography. A provocative test using intravenous methyergometrine was performed in only 3 patients with a normal coronary angiogram to identify coronary artery spasm. The test is considered positive when at least 70% focal reduction of luminal diameter is present. Our department has neither intravasucular ultrasound (IVUS) nor cardiac magnetic resonance imaging (MRI) which is significant for the understanding of the pathogenetic mechanism. Coronary angiograms were reviewed by two independent experienced angiographers. A normal coronary angiogram was defined by the absence of coronary lesions or the presence of a single lesion which does not exceed 30% of luminal diameter in one major pericardial vessel. The angiographic presence of thrombus is defined as a noncalcified filling defect outlined in at least three sides by contrast media. In case of the presence of thrombus, patients with thrombolysis in myocardial infarction (TIMI) flow 2 or 3 are included. The epidemiological, clinical, electrocardiographic, echocardiographic, and angiographic features of these 21 patients are reviewed.
Clinical conditions known to be associated with a hypercoagulable state, such as pregnancy, cancer, deficits in coagulation factors, oral contraceptive use were systematically sought. A follow-up was undertaken by consulting the patients' files and by telephone interview with each patient. The following data were analyzed: death (cardiac death or all cause mortality), recurrence of MI, need for revascularization, heart failure, ventricular arrhythmia, bleeding complication, stroke, thromboembolic event, left ventricular ejection fraction and medical treatment.
Statistical analysis
All continuous variables are expressed as the mean values ± standard deviations. Categorical variables are expressed in the light of the numbers of patients or percentages.
Results
The current retrospective study highlights the experience of the cardiology department of Sfax in the management of patients with Q-wave MI and normal or relatively to normal angiogram. This entity of MI was found in 21 patients between January 2006 and August 2011 corresponding to 1.5% of the total patients hospitalized for Q-wave MI (1,400 patients) in the same period.
The epidemiological characteristics
The epidemiological characteristics of the studied patients are shown in Table 1 .
Nine patients were less than 40 years old. Their mean age was 44.95+/-14.86 years (ranging from 25 to 71 years). Most of the patients were male (19 patients; 90.47%). They were smokers (18 patients; 85.71%) and had a significantly high pack-year history (22+/-16 pack-years). The prevalence of the other cardiovascular risk factors was low with a low rate of diabetes (2 patients; 9.52%), hypertension (5 patients; 23.80%), hypercholesterolemia (3 patients; 14. 28%) and family history of CAD (2 patients: 9.52%). One patient (patient 3) had a history of lung cancer. Congenital coagulation disorders were investigated in only 12 patients. The results were positive in 4 patients; these anomalies were activated protein C resistance in one patient, the first patient, factor V leiden mutation in the second, antiphospholipid antibodies syndrome in the third and finally, protein C deficiency in the fourth. Five patients had a history of previous chest pain, and among 16 other patients, MI was inaugural.
The electrocardiographic and echocardiographics features
The electrocardiographic and echocardiographic features are summarized in Table 2 . There was no predilection for a specific location of MI on the basis of ECG criteria. On transthoracic echocardiography, the left ventricle ejection fraction was depressed (<55%) in only 5 of the examined patients (23.80%). The mean left ventricle ejection was 56.5+/-12.11%. The left ventricular motion revealed some form of abnormality in 16 patients (76.19). In general, there is a good correlation between the ECG location of MI and the echographic findings. Two patients had annular valve calcifications whereas 4 others had varying degrees of mitral regurgitation. 
The angiographic characteristics
Each patient underwent a coronary angiography artery during the same hospitalization with an average of 3.42 +/-1. 98 days (range 0 to 7 days). An emergency coronary angiography was performed in 3 patients. The angiographic characteristics of the patients are summarized in Table 3 . The coronary angiography was strictly normal in 16 patients (76.19%). It showed minimal lesions in the infarct related vessel in 5 patients. No complication occurred during angiography. Four patients developed during the coronary angiography a spontaneous vasospasm expressed by chest pain and ST-segment elevation on electrocardiogram. All the signs of ischemia disappear after the injection of isosorbide dinitrate in intraluminal coronary vessel. Three patients have a provocative test for spasm during catheterization. One patient has a positive response with proximal obstruction of the right coronary artery, chest pain and ST depression. (Table 4) The clinical and therapeutic features of the initial phase of patients admitted to MI and normal coronary artery are summarized in Table 4 . The clinical course was not benign in all instances. The average duration of pain was 81 minutes. It showed a rapid reperfusion. Two patients developed a congestive heart failure and were treated with furosemide. One of these two patients presented cardiogenic shock which was stabilized after treatment by dobutamine.
Initial phase of myocardial infarction
Premature ventricular contractions developed in 3 patients. In addition, one of them had developed no sustained monomorphic ventricular tachycardia. All of the patients were treated with lidocaine. No patient developed conductive trouble. Three patients described residual angina that is self-limited and not associated with ECG changes. Each patient received curative anticoagulation during the acute phase. Nine of the patients (42.85%) received lowmolecular-weight heparin. Similarly, each received double anti-aggregation with aspirin and clopidogrel. Two patients also received glycoprotein IIb /IIIa inhibitors.
Nine patients received thrombolytic therapy. In eight of these patients, thrombolysis seemed to be successful. Nevertheless, with the other patient, chest pain and ST elevation persisted. This remaining patient underwent an emergency coronary angiography. There was no case of in-hospital death. At discharge, each patient took aspirin. However, 16 patients (76%) had aspirin in addition to either clopidogrel or ticlopidine and 17 patients have received beta-blockers while 5 patients received statins. (Table 5) A mean follow-up of 24±10 months (from 5 to 48 months) showed neither death nor the recurrence of Q-wave MI. Each patient has received aspirin. Either a residual angina or atypical chest pain was observed in 6 patients; 4 of them were treated with calcium antagonists and nitrates. Only three patients become completely asymptomatic. In the fourth patient who was treated with calcium antagonist, atypical chest pain has persisted. One patient had atypical chest pain after stopping treatment. The pain disappeared with the retreatment with beta blockers and nitrates. One pa- tient has presented with a non-elevated ST myocardial infarction with acute chest pain, ST depression in anterior leads, and elevation of troponins, just after 24 months. Coronary angiography has been performed 3 days after the previously mentioned complications become normal.
Follow-up

Discussion
The prevalence and epidemiological features:
Coronary atherosclerosis is considered the most common cause of MI (1). The coronary thrombosis has been superimposed on a fixed atherosclerotic plaque which is usually the triggering event in the pathogenesis of MI (2-4) .
The occurrence of Q-wave MI in the presence of normal or close to normal coronary arteries has been documented in several reports.
The prevalence of MI and the normal coronary arteries ranges from 1% to 12% according to the mode of investigation and the population studied (5, 6) . With the examined patients, the prevalence rate is 1.5%. The reason for this relatively low prevalence is the restriction of the study to patients presenting a Q-wave MI, to the various degrees of the definition of a "normal" or close to normal" angiogram and to the number of vessels involved. Most of the studies include both Q-wave and no Q-wave MI. They have defined a close to normal coronary artery as that with either a stenosis of less than 50% (7-9) or of 70%.
The definition of a close to normal lesion has less been stricter than 30%. They are limited to only one major artery. The present study is characterized by the young age of the patients, the predominance of men and the high rate of smoking. It may be contrasted with a low prevalence of the other cardiovascular risk factors. Risk factors as such may be compared with patients bearing the MI and coronary artery disease. In their study, Rosemblat and Selzer (10) show that patients with myocardial infarction and normal angiogram are presented with a few cardiovascular risk factors, apart from smoking, are compared with those having coronary lesions.
Mechanism of MI
Coronary spasm: Coronary spasm is considered as a classic factor of myocardial infarction with normal coronary arteries (11, 12) . The high frequency of residual chest pain and the efficiency of antispastic medication on symptoms test for  spasm  1  urgent  0  0  0  no  0  2  urgent  Irreg<30%  0  0  no  0  3 Coronary spasm may be a significant factor in the pathogenis of MI and normal coronary artery. However, it is not observed in all patients. Again, in their study, Raymond et al. found that coronary artery spasm is present in five of the 16 patients (31%) in whom an ergonovine maleate test is performed (13). The same prevalence was found by Legrand et al. (14) and Lindsay and Pichard (15) . They evaluated, respectively, 18 and nine patients. In the current study, four patients bear an evident spontaneous spasm. It is shown in coronary angiography. It disappears after the administration of nitrates. With the other patients, vasospasm has not been proven despite a residual chest pain in 5 of these patients. Hence, it is interesting to note that among these 5 patients, calcium antagonists have suppressed or reduced chest pain, while beta blockers are ineffective. Although the relationship between coronary spasm, angina, and electrical changes in the ECG is certain in studies (16) (17) (18) , the role of coronary spasm as a cause of myocardial necrosis has been widely discussed (19) . Many reports imply that vasospasm may be the triggering factor leading to thrombosis of MI and normal coronary artery (5, 20, 21) . In fact, an intense and prolonged coronary spasm with complete occlusion of the artery may lead to stasis and coronary thrombosis. Another hypothesis suggests that even a slight spasm, producing a turbulent blood flow, may cause endothelial damage and result in coronary thrombosis and transmural myocardial infarction.
The coronary arterial embolism:
The embolism is one of the coronary arteries with lysis of a fresh occluding thrombus. It is subsequent to the thrombolytic therapy which is often associated with Q-wave MI and normal angiogram (22) . In fact, the thrombus or embolus occluding luminal vessel at the early stage of MI may disappear before coronary angiogram. Each of which may explain the absence of possible thrombus (23) . Kereiakes et al. described 42 patients with over 50% residual coronary stenosis 90 minutes after thrombolytic therapy and show that the stenosis is reduced to less than 50% on repeated angiography 7 to 10 days later (24) . Coronary embolism is generally associated with valvular heart disease, mural thrombus, prosthetic valve disease, and the left atrial myxoma. In this study, only two patients have respectively mitral and aortic valve calcification. Anomalies as such may serve as an intracoronary source of emboli with spontaneous recanalization.
The congenital coagulation abnormalities: The congenital coagulation abnormalities have also been hypothesized as a possible mechanism of myocardial infarction with normal coronary arteries (25) . Owing to the small size of the population sample in previous studies, there is no conclusive answer (26) (27) (28) . A multicentre study has found a higher prevalence rate of factor V Leiden in patients with myocardial infarction and normal coronary arteries. They may be compared with patients bearing myocardial infarction as well as coronary artery lesions or even healthy subjects (29) . In this study, congenital disorders of coagulation including APC resistance, protein C deficiency, factor V leiden mutation and antiphospholipid antibodies syndrome were found in only two of the 12 patients in whom such abnormalities are systematically sought.
Cancer and MI with normal coronary artery: Cancers were traditionally associated with venous thrombosis. However, they may be associated with arterial thrombosis. Additionally, they may be evoked as a possible etiology of MI with coronary normal artery. The embolic complications appear to be one of the most common paraneoplastic syn- (30, 31) . These patients have a hypercoagulable state which is related to the production caused by cancer cells of the substances that interact with platelets, the coagulation system and fibrinolysis. These indicated factors have direct procoagulant actions on endothelial cells (32) . Again, in our study, one patient (patient 3) had a history of lung cancer. This cancerous situation may be associated with a hypercaogulable state explaining the occurrence of myocardial infarction with normal coronary artery. The role of smoking: Smoking is a major risk factor in the development of cardiovascular disease. Various mechanisms including platelets function disturbance and endothelial dysfunction have been entailed. Previous studies have suggested that platelets can be activated during chronic smoking (33) (34) (35) . In fact, platelet activation plays an important role in the genesis of vascular obstructive syndromes. It does so because of its role in the initiation of thrombosis and because of the potential contribution of platelet-related growth factors to the atherogenic process. Nowak et al. (36) demonstrated that smoking does vascular damage by causing abnormalities in the biosynthesis of both prostacyclin and thromboxane A2 among apparently healthy individuals who are chronic smokers. These results indicate that smoking induces both platelet dysfunctions with increased platelets aggregation and platelets adhesion with the development of micro vascular lesions. Another study found that ultra structural damage and platelets adhesion in low-shear zones have been described in the aortas of rats exposed to cigarette smoke (37) . These micro-lesions created by smoking can serve an initiating factor for the development of MI on apparently normal arteries. Roule et al. (38) proposed an algorithm to summarize the different etiologies of MI with angiographically normal coronary arteries found in their cohort and in the literature.
The clinical, electrocardiographic and echocardiographic features: The clinical presentation and ECG features are the same with those found in patients with obstructive atherosclerotic artery disease. No predilection for the site of MI has been shown. Raymond et al. (13); Raizner and Chahine (39) have found similar results. These findings are in contrast with those of other studies that have reported a higher prevalence of anterior wall involvement (40, 41) . On echocardiography, the present study showed a signifi- cantly higher left ejection fraction. This may be related to the younger age of the patients and increased contractility of the non infarct zone which has been demonstrated in patients with MI and with minimal coronary artery disease. The well-preserved global left ventricular function might also be associated with smaller infarct size compared to that in patients with obstructive coronary artery diseases. This may be due to rapid reperfusion in patients with normal coronary artery compared with patients with pathological coronary arteries.
Follow-up:
The follow-up data are consistent with those of others in terms of the favorable prognosis of the examined patients (2, 8, 20) . Short term follow-up for these patients showed that complications such as arrhythmia, heart failure, and cardiogenic shock were generally less common, and that their prognosis was usually acceptable. In terms of morbidity, apart from the residual angina that occurred in 5 of the the present study patients and was easily controlled by calcium antagonists and nitrate derivates. No other major cardiovascular event such as recurrent MI, heart failure, and sudden cardiac death was observed. In their study, Da Costa et al. (42) found a 95.5% survival rate in the follow-up of patients with a normal coronary arteriogram at 3 years. Golzio et al. (43) reported a survival rate of 100% at 10 years in patients with zero-vessel disease. In agreement with these two previous studies (32, 33) , the present study found a high survival rate of 100% at two years in 21 patients with myocardial infarction and normal coronary arteries.
Limitations of the study
Related to the small size and the retrospective nature of this study, some etiological factors of Q-wave MI with normal angiogram may be ignored. These causative factors were found only in one-third of patients. Thus, the search for coagulation factor deficiency was achieved in only 12 patients. On the other hand, these results may be explained by the limitations of the technique of angiography. In fact a normal coronary angiogram does not necessarily mean structurally normal coronary artery. It occurs as such because coronary angiography may misidentify atherosclerotic plaques with outward growth. The intravascular ultrasound (IVUS) was not systematically implemented as it should be due to the retrospective nature of the current study. It was carried out in just 6 patients in the literature and shows an absence of atherosclerosis in two cases (44, 45) in addition to inconspicuous signs of atherosclerosis in the other cases (46, 47) . Thus, prospective studies on the pathophysiological mechanisms using new technologies such as intravascular ultrasound (48) would allow better analysis of the vessel structure.
Conclusion
The above-mentioned study is an investigation of the prevalence rate, epidemiological, clinical, and hemodynamic profile of 21 patients with Q-wave MI and normal coronary arteries. Although a number of reports have addressed the examined entity previously, this study comes up with several medical features that may be of useful for the forthcoming similar research. First, it determines the epidemiological profile of patients with Q-wave MI and normal coronary arteries relate to a young age group, with male dominance. Second, cigarette smoking is significantly higher and uniformly present in the studied patients. Third, an association is noted between the examined entity and the conditions of hypercoaguable state including paraneoplasic syndrome and inherited coagulation disorder. A mean follow-up of two years showed a favorable short and long-term prognosis in the patients under exclusive medical treatment.
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